Field studies were conducted on the growth, breeding cycle and recruitment of the two ocypodid crabs Scopimera globosa De Haan and Ilyoplax pusillus De Haan, in the estuary ofWaka River (34°l0'N 135°10'E). The sexual behaviors were observed from April through August in S. globosa and from May through August in I. pusillus. The ovigerous females of S. globosa were found from April through August and those of I. pusillus from May through September, being most abundant in June in both species. The newly settled juveniles were most abundant in August in both species, showing the occurrence of the most intensive settlement from July to August. The recruitment sites almost coincided with the adult habitat in both species. In I. pusillus the recruitment intensity was relatively higher at the area of higher adult density. But in S. globosa, it was higher at the area of lower silt-clay content in the bottom surface sediment in comparison with the area of higher silt-clay content, while the density of the larger adults tended to be relatively higher at the latter area, which indicates the shift of the main habitat in relation to the substratum with growth. The females of both species and the males of S. globosa commenced to breed in the second summer of their life, but many of the males of I. pusillus were suspected to breed in the third summer for the first time. It appeared that I. pusillus and the males of S. globosa overwintered two times at least after settlement, whereas in the females of S. globosa the overwintering in their second year was doubtful. These specific differences suggest that S. globosa has a slightly shorter longevity and a slightly earlier maturation than I. pusillus.
Introduction
Scopimera globosa De Haan and Ilyoplax pusillus De Haan are the intertidal crabs belonging to subfamily Scopimerinae of family Ocypodidae. They are small-sized species, the larger adults being around 10 mm in carapace breadth. Though both The distribution of the two species is shown on the tidal fiats connected with the bank, but not on the fiats surrounded by tidal creek. 245 two (Sts. 2 and 4) by both species (Fig. 1 ). Samples of both species were collected periodically between July 1976 and July 1977 at the daytime low tide around spring tides. Four quadrats of 25 em X 25 em were set at each station in the area where the density of burrows was apparently higher, and the substrates within them were dug up by a scoop, to a depth of 20 em to capture the crabs. From April to July of 1977, when a male and a female were found together in one burrow, such pairs were kept separated from others. The crabs were fixed in 10% formalin. Carapace breadth was measured to the nearest 0.1 mm with a micrometer under a binocular microscope, and the sex of each individual and the reproductive condition of each female were noted. In S. globosa, carapace breadth was measured between the incisions of the anterolateral margins, which is not the widest part of the carapace, whereas in /. pusillus the widest part was measured.
Substrate samples were collected from the upper 2-3 mm layer and the lower 10-15 em layer at each station in July 1976 and July 1977. Samples were dried at 100°C for 5-10 hours and then sieved with the standard sieve and weighed for each fraction.
Burrow Census
In 1973, the burrow density was surveyed at 18 stations populated by S. globosa in July and at 8 stations by I. pusillus in October. At each station, 3 to 5 quadrats of 50 em X 50 em were randomly set to count the number of burrows separately for the large ones (5 mm or more in diameter) and the small ones (less than 5 mm). In the census for S. globosa in July, the upper 1-2 em substrate was sampled to be analysed for particle size distribution at each of the 17 stations.
The small burrows of S. globosa, with sand piled high above the entrances, which were characteristic of the burrows of the newly settled juveniles and will be called, for convenience, the hooded burrows, were intensively observed and recorded of their occurrence monthly from May through October in each year of 1974 to 1977. Especially, in July, August, and September of 1977, the densities of the hooded burrows as well as the other burrows were surveyed at 7-11 stations randomly setting 3 to 5 quadrats of 50 em X 50 em at each station.
Observations of the Sexual Behavior
Whenever the copulation or other sexual behaviors were witnessed, the details of the couple and the surrounding condition were recorded and some pairs were captured to take measurement. Observations were made in the non-dormant period from April to December from 1974 to 1977.
Results

Habitat Conditions
All sampling stations were situated at the similar level of the tidal flat near the base of the embankment, nearly around mean tidal level (109 em above datum) ( Table 1) .
The granularity of the substratum at each station is shown in Table 1 . At each station there was not so much difference in granularity between 1976 and 1977, though silt-clay percentage was slightly higher in 1977 than in 1976 at all stations except St. 2. Among all the stations, the silt-clay content was lowest at St. 1 in both the surface and the deeper layer, whereas it was highest at St. 6 in the surface layer and at St. 4 in the deeper one, respectively. And the silt-clay content of the surface layer increased in the order from Sts. 1, 5, 2, 3, 4 to 6 successively. It is evident that the silt-clay content was lower at the stations populated by S. globosa than those by I. Fig. 2 shows the number of crabs collected from four 25 em X 25 em quadrats at each station. In both S. globosa and I. pusillus, the unsexable crabs smaller than 2.5 mm in carapace breadth were abundant from July through September or October, with their main peaks in August. The maximum density of the unsexable crabs was much higher in I. pusillus (158j0.25 m 2 ) than inS. globosa (44/0.25 m 2 ).
Density and Size Structure
The density of the sexable crabs also showed the seasonal fluctuation in both species, with more or less marked increase in summer through autumn and decrease in spring. The maximum density of the sexable crabs was higher in I. pusillus (23lj0.25 m 2 ) than inS. globosa (104/0.25 m 2 ).
Among the three stations (Sts. l, 3 and 5) populated solely by S. globosa, the density of the unsexable crabs was highest at St. l and lowest at St. 3 in almost all months. In sexable S. globosa, there was not so much difference in their density among the three stations except the summer months, in which it was lower at St. I than at Sts. 3 and 5. From the size-frequency distributions at these three stations ( Fig. 3) , it could be recognized that the large sexable crabs of 6.0-9.5 mm exhibited the lower densities at St. l than at Sts. 3 and 5 on the whole, particularly in October and December.
At the two stations (Sts. 2 and 4) populated by both species, the density of S. "1~---·~· ~J_i
.___.__,____, 5 0 5 5 0 5 1 0 globosa was lower than at Sts. 1, 3 and 5 except for the unsexable crabs at St. 2 which generally showed the higher density than those at St. 3. And between Sts. 2 and 4, the density of unsexable S. globosa was higher at St. 2 than at St. 4, while in sexable S. globosa the reverse was true. In I. pusillus, the density was highest at St. 6 and lowest at St. 2 in both unsexable and sexable crabs. Fig. 4 shows the size-frequency distributions of I. pusillus at Sts. 4 and 6, from which the marked difference could not be recognized between the two stations.
Growth
Growth after settlement will be considered from the size-frequency distributions obtained at sampling stations for successive months (Figs. 3-6).
( 1) Scopimera globosa
Juveniles
The early juveniles of 1.5-2.5 mm in carapace breadth appeared in July. These juveniles occurred until May of the following spring, with their size modes changing from 1.5-2.0 mm in summer to 2.0-2.5 mm after autumn.
Males
Young males first appeared in August, which measured about 3 mm in carapace breadth. The major component of the males continued to grow and exhibited a peak of carapace breadth at 4.0-5.0 mm in December. Another less conspicuous size modes of young males were also sometimes noticeable at smaller sizes. These males merged with the large groups and the size modes became obscure in April to July, thus growth of them was difficult to follow afterwards. However, most of the large groups of 4.0-8.0 mm in August could be regarded to be in the second year of their life, and they continued to grow and reached 7.0-9.0 mm in the following December. It was probable that these groups overwintered again, which was supposed from the presence of the males larger than 8 mm in April and May at Sts. 1 and 3. Since the minimum sizes of the males which were observed to copulate or to perform the waving display were 4.4 mm and 5.0 mm in carapace breadth, respectively ( Fig. 7) , it is certain that males commence to wave and become mature in the second summer of their life.
Females
Females followed the similar pattern of growth to males. Young females first occurred in August, their carapace breadths ranging from 2.5 to 4.0 mm. The population peaks in carapace breadth were more or less similar to those of males through autumn and winter until April. During April to July, the size modes were kept rather defined throughout and reached 5.0 to 6.0 mm. The groups larger than 4 mm in August could be regarded to be in the second year of their life, but after September they merged with the young groups and could not be traced.
From the sizes of the ovigerous females, it is certain that they mature and bear eggs in the second summer of their life.
(2) Ilyoplax pusillus juveniles
The early small juveniles appeared in July, their size being from 1.0 to 1.5 mm in carapace breadth. These juveniles occurred until December, but their size modes were in 1.5 to 2.0 mm in August and in 2.0 to 2.5 mm after September.
Males
Young males first appeared in very few numbers in August, which measured about 3 mm in carapace breadth. The major component ofthese males continued to grow, with their peaks changing from 3.5-4.0 mm in September to 5.0-6.0 mm in December. These males merged with the large groups and the size modes became obscure in April to July, thus their growth was difficult to follow afterwards. Most of the males larger than 3.5 mm in August were regarded to be in the second year of their life. The presence of these old groups was recognizable through autumn and winter until May, their sizes reaching 8.0 to 11.0 mm in April or May. It is, therefore, certain that males overwinter two times at least after settlement.
The males which were observed to mate were limited to the larger ones and even the smallest measured 7.2 mm (Fig. 7) , thus many of males may commence to breed in tl!e third summer of their life and not in the second summer yet except the larger ones. Contrary, they are certain to commence to perform the waving display in their second summer, since the smallest male which was observed to wave measured 4.6 mm (Fig. 7) .
Females
Females followed the similar pattern of growth to males. Young females first appeared in very few numbers in August, which measured about 3 mm in carapace breadth. The population peaks of these young groups in carapace breadth were more or less similar to those of young males through autumn to winter, but after April they merged with the large groups as seen in males. Most of the females larger than 4 mm in August were regarded to be in the second year of their life and their presence was recognizable until December, their size reaching 6.5 to 10.0 mm. After April their size modes were obscured, but the presence of the females larger than 8 mm in April indicated their second overwintering.
From the size of the ovigerous females it is certain that they mature and bear eggs in the second summer of their life. It is probable that they also bear eggs after their second overwintering, which was supposed from the presence of the ovigerous females larger than 8.5 mm in May and June.
Sexual Behavior
( 1) Scopimera globosa As has been reported by Yamaguchi et al. (1979) , two types of the sexual behavior were recognized for this species also in Waka River.
Type 1 : A male chases a female and at the moment he captures her, they complete copulation on the substrate surface.
Type 2: Copulation is not performed on the surface. After capturing a female on the surface, the male carries her to his burrow and pushes her down into it. He follows her into the burrow, and after a short while he plugs the burrow by scraping up the sand from around the entrance or from inside the burrow. Fig. 7 illustrates the sizes of the male and the female of each pair, which were observed to perform the sexual behavior of each type or to dwell together in a burrow. The minimum size of the pairing males was almost the same as that of the waving males, which indicates that the waving display is characteristic of the mature male. Likewise, the minimum size of the pairing females was similar to that of the ovigerous females. The males engaged in Type 2 were never smaller than the females, while in some pairs engaged in Type 1 the males were smaller than the females, and such size difference of the crabs between the two types was also recognized in Amakusa, Kyushu (Yamaguchi et al., 1979) . 
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During the period of May 1974 to July 1978, both types of the sexual behavior were observed in every month from April through August, but in other months neither of them was encountered in Waka River. From the monthly samples from April through July in 1977, the proportion of the number of pairs, each one ofwhich occupied one burrow, to the number of females larger than the smallest ovigerous female was calculated and shown in Fig. 8 . From this it was suggested that the sexual behavior of Type 2 had been performed more frequently in May than in other three months in this species.
(2) I(yoplax pusillus Copulation had never been observed on the surface in this species. When a wandering female passes near a waving male, he directs his wave intensively toward her. If she approaches him, he waves more violently to her. When she comes up close to his burrow, he suddenly enters the burrow, and subsequently she follows him in. After a while, the male emerges from the burrow and plugs it up by scraping up the sand from around its entrance to hide underground. In case when the female does not approach the male in disregard of his violent waving, the male is sometimes observed circling around her with his both chelipeds held up or rushing to her to force her to enter his burrow. I once encountered a copulating pair in a burrow on digging the substrate, and it may be safely said that the copulation is performed underground after such successive behaviors. Fig. 7 illustrates the sizes of the male and the female of each pair which occupied one burrow together. There was no pair in which the female was larger than the male. The minimum size of the pairing females was almost the same as that of the ovigerous females. The smallest pairing male was much larger than the smallest waving male, which suggests that the waving display is possibly performed by the immature males as well.
During 1974 through 1978, the sexual behaviors were observed from May through August and not in other months. From the monthly samples from April to July in 1977, the proportion of the number of pairs, each one of which occupied one burrow, to the number of females larger than the smallest ovigerous female was calculated as in S. globosa (Fig. 8) , from which it was suggested that the frequency of the sexual behavior was by far higher in June than in other three months.
Ovigerous and Spent Females
The smallest ovigerous female was 3. 75 mm inS. globosa and 4.9 mm in I. pusillus in carapace breadth.
Frequency of the ovigerous and the spent females at sampling stations are shown in the size-frequency distributions for successive months (Figs. 3-6 ). In .S. globosa, ovigerous females were collected from April through August at Sts. 3 and 5 and from May through July at St. I, with the peak in June at all the three stations, and spent females were seen from May or from June through September, with increased numbers in the period of June to August. Ovigerous females of I. pusillus, on the other hand, were collected from May through August or through September and were commonest in June. As for the spent females of I. pusillus, the period of their occurrence was unknown. The ovigerous females of both species were recognized to be larger in the early breeding season of April or May.
Recruitment Periods
( 1) Scopimera globosa The earliest record of the occurrence of hooded burrows constructed by the newly settled juveniles was in June or July in each year. It seemed, however, that the recruitment did not always begin at the same time in the whole estuary as follows. In June of 1977, the hooded burrows were not found anywhere in the upstream area above Asahi Bridge, though a few were already recognized in the downstream area. Similar tendency was indicated also in the result that in June of 1977 the megalopae were collected at St. 1 of the downstream area but not yet at Sts. 3 and 5 of the upstream one (Fig. 3) . In July, too, the density of the hooded burrows was lower in the upstream area than in the downstream one, but in August and September it was not so different between them (Fig. 9) . It is certain that the settlement lasts till September at least because the megalopae were collected until September (Figs. 3 and 5) .
According to the burrow census from July to September, the density of the hooded burrows at each station was highest in August among the three months ( Fig.  9) . Moreover, as read from Fig. 2 , the density of the unsexable juveniles was highest in August among all of the months surveyed at Sts. 3 and 5, though it was almost the same from July through October at Sts. 1 and 2. These facts indicate that the settlement occurs most intensively from July to August in most areas of the estuary. (2) llyoplax pusillus
Since the megalopae of this species could not be collected at each of the sampling stations, the period of the settlement could not be determined. But it was evident that the unsexable juveniles appeared from July through October or through December and their density was by far highest in August among all of the months surveyed (Fig. 2) , which suggests that the settlement begins in June or July and occurs most intensively from July to August.
Recruitment Sites
( 1) S copimera globosa From Fig. 9 it can be said that the hooded burrows of the newly settled juveniles occurred in the area inhabited by adults. During this burrow census, no hooded burrows were found in the lower level as well as in the muddy area where I. pusillus or Macrophthalmus japonicus occurred. Thus the recruitment site seemingly coincided with the adult habitat. But from the burrow counting in July 1973, the recruitment intensity could not be regarded to be correlated with the adult density (Fig. 10 ). Fig. 11 shows the burrow density in relation to the silt-clay percentage of the substratum and the intertidal height. Against the both factors the recruitment range was almost the same as the range of adult distribution and any noticeable peak of the recruitment intensity was not recognizable. But as with the silt-clay percentage, the recruitment showed the relatively lower intensity at the range above Similar tendency was also recognized from Fig. 2 as follows. Among the stations inhabited by this species, the density of the unsexable juveniles was relatively lower at St. 3 or St. 4 where the surface sand had the rather higher content of silt-clay (Table 1) , though the density of the sexable crabs was not so much lower in comparison with other stations. (2) Ilyoplax pusillus
The juveniles of this species were observed in the area inhabited by adults, but they were never found in the muddy and low level area occupied by Macrophthalmus japonicus, nor in the sandy area devoid of I. pusillus. Hence the recruitment site seemingly coincided with the adult habitat as in S. globosa. And according to the result of the burrow counting, the recruitment intensity seemed to be correlated with the adult density (Fig. 12) . Similar tendency was recognized also in the finding from Fig. 2 , that among the three stations where I. pusillus occurred, the density of the unsexable juveniles was highest at St. 6 occupied by many sexable crabs and lowest at St. 2 almost lacking adults.
Discussion and Conclusions
Relationships with Substratum Condition
In each of S. globosa and I. pusillus, there has not been so much difference, on the whole, in the growth pattern as well as in the occurring period of the ovigerous females among stations, in disregard of the difference of the substratum condition. But the recruitment of the juveniles and the occurrence of the large adults were associated with the difference of the granularity of the substratum as follows.
In S. globosa, the recruitment sites coincided with the adult habitat in general, but in detail, its intensity was relatively higher at the area of lower silt-clay content in the bottom surface sediment and was lower at the area of higher silt-clay content in it. On the contrary, as with the adults, similar densities remained all over their distributional range in the silt-clay percentage. From the comparison of the size structure among Sts. I, 3 and 5, however, it was recognized that the density of the larger adults was higher at Sts. 3 and 5 than at St. I. In addition, by taking the fact into consideration that the silt-clay content was lower at St. I than at Sts. 3 and 5, it follows that the larger adults are more abundant at the area of the relatively higher silt-clay content. Thus, it is indicated that the settlement occurs abundantly at the area of lower silt-clay content but as they grow larger, their main habitat is slightly shifted to the area of relatively higher silt-clay content.
In I. pusillus, on the other hand, the recruitment intensity was higher at the area inhabited by many adults and eventually the distribution of the juveniles in relation to the substratum was similar to that of the adults. This fact may have a connection with the dwelling of some of the juveniles in the adult burrows in this species.
From these findings in both species, it is considered that the habitat in relation to the substratum is segregated between S. globosa and /. pusillus to a little more extent at the juvenile stages than at the adult ones.
Comparison of the Life Cycles
In the. estuary of Waka River, the sexual behavior of S. globosa was observed from April through August with the peak being in May while in I. pusillus it was from May through August and its peak in June. The ovigerous females appeared from April through August and the newly settled juveniles were first collected in June in S. globosa, whereas in I. pusillus from May through September and in July, respectively, though the peaks of the settlement were from July to August in both species. From the same estuary, the ovigerous females of S. globosa were captured also from April through early September in 1976 (Marumura, unpublished) and those of I. pusillus from May through September in 1978 (Kadono, unpublished), suggesting little yearly difference in the breeding period. Thus it follows that both breeding and settlement occur earlier by about a month inS. globosa than in I. pusillus in the estuary, though the length of the occurrence of the ovigerous females is about six months in both species.
It has been clarified that the females of both S. globosa and I. pusillus attain the adult size and commence to breed in the second summer of their life. But many of male I. pusillus were suspected to breed in the third summer whereas the males of S. globosa in the second summer as in the females. Besides it has been indicated that the males of S. globosa and both the males and females of I. pusillus overwinter two times at least after settlement but in the females of S. globosa the second overwintering is doubtful. From these facts, S. globosa is supposed to have a slightly shorter longevity and a slightly earlier maturation in their life than J. pusillus.
